Abstract. The olfactory orientation of the aphidophagous ladybird Coccinella septempunctata L. was assessed in a Y-tube olfacto meter and a choice arena. The response of the predator to 22 plants, aphid prey and conspecifics was tested. The ladybird was at tracted to the odour of chopped Berberis vulgaris L. leaves, and of Tripleurospermum inodoratum (L.) Sch.-Bip. flowerheads, and males were attracted to females. Methanol extracts of B. vulgaris leaves were also attractive.
INTRODUCTION
Plants synthesise protective (non-volatile and volatile) chemicals when damaged by herbivores (inductive prod ucts) and even in the absence of attack by phytophages (constitutive products) (Rhoades, 1985) . Constitutive chemicals may attract or "recruit" and "sustain" natural enemies before plants are attacked by herbivores (Dicke & Sabelis, 1988a, b) . There are a few reports of predators using volatiles from uninfested plants to locate herbivorehabitats (e.g. Vinson, 1981; Hagen, 1986; Nordlund et al., 1988; Takabayashi et al., 1990) .
Coccinella septempunctata (L.) is a widely distributed predator of several aphid species in diverse habitats in Eurasia (Hodek, 1973; Honek, 1985) . Pollen and nectar are used as alternative food sources by coccinellids when aphids are scarce (Hagen, 1962; Hodek, 1967 Hodek, , 1970 but there are still gaps in our understanding of their foraging behaviour, which has recently been reviewed by Ferran & Dixon (1993) . These authors conclude that an under standing of the beetles' foraging behaviour is essential for a better understanding of their effectiveness, and they suggest that the sensory abilities of these predators should be studied. In biological control programmes, the sensory relationship of predators to plants and prey are rarely con sidered. However, better methods of conditioning, attract ing and settling predator populations may result from a better understanding of their olfactory ability (Lambin et al., 1996) . To date, virtually nothing is known about habi tat location by aphidophagous predators and, more spe cifically, whether they use plant cues to locate their prey (Lorenzetti etal., 1997) .
In a recent field survey of the abundance of coccinellids on herbaceous plants only 60% of the coccinellids were found on aphid-infested plants, and the rest on plants without aphids (Schmid, 1992) . The author suggests that a preference for pollen or nectar of certain plant species may account for the beetles visiting uninfested plants. Moreover, he assumed that certain plant compounds are attractive to ladybirds as shown in previous studies. Boldyrev et al. (1969) demonstrated that females of four coccinellid species were attracted to Juniperus virginiana (L.) for oviposition, apparently by olfactory stimuli. Strawberry flavour presented in ajelly is attractive to ovi positing C. septempunctata (Shands et al., 1970) . C. sep tempunctata and Adalia bipunctata (L.) females prefer Berberis vulgaris (L.) to four other shrubs for oviposition (Shah, 1983) and the author ascribes this attraction to chemicals produced by B. vulgaris. In none of these ex periments, however, has it been proved that coccinellids are attracted to plant volatiles by olfactory means. There fore, in this study we used a Y-tube olfactometer and ol factory choice arena to determine the response of adult C. septempunctata to plant volatiles and prey and mate cues.
MATERIAL AND METHODS

Experimental insects
Most of the C. septempunctata adults used in the experiment were collected near Berne and Sierre (Switzerland) in June and July 1998. A small number was obtained from a laboratory col ony (Peter Katz, Germany). Male and female beetles were kept separately in plastic boxes (170 x 125 x 60 mm) and maintained on the pea aphid, Acyrthosiphon pisum (Harris), at 20°C and a 18L : 6D photoperiod. To standardize the coccinellids, they were kept under these conditions for at least 2 weeks prior to be ing used in the experiments. Aphids were reared on potted broad bean plants, Viciafaba L. under the same light and temperature conditions as the beetles. Ladybirds were deprived of food for 24 h before each experiment. All experiments were conducted at 21± 2°C and males and females were tested separately.
Odour stimuli
We tested leaves (l), blooms (b), fruits (f), and extracts of leaves (el) or extracts of blooms (eb) from the following plants (nomenclature according to Binz & Heitz (1990) 
, and Centaurea cyanus L. (all Asteraceae, l, b). The test material of each species was obtained from at least 5 indi viduals from locations near Berne or Sierre. Only fresh plants uninfested by aphids were used. In addition, the response of the predator to the odour of A. pisum and their honeydew was deter mined. The aphids were taken from a laboratory colony reared on Vicia faba, and both larvae and adults were used.
Plant extracts
Plant parts, which proved to be highly attractive to coccinellids in choice experiments, were extracted. A methanol and an ether extract were produced using an extraction appliance "fexIKA 200 control" (IKA-Maschinenbau -Janke & Kunkel GmbH & Co., Staufen, Germany). For each extract a volume of about 100 cm3 of plant material (B. vulgaris leaves: 12.5 g, T. inodoratum flowerheads: 5.7 g) and 80 ml of the solvent, either methanol (purity 99%) or tert-Butyl methyl ether (purity 99.8%) were used. Each extract was the product of two extraction cy cles, each lasting twenty minutes, at temperatures of 140 and 130°C for the methanol and ether extracts, respectively, and cooled at 50°C. Extracts were used for experiments immediately after cooling.
Olfactometer -apparatus and experimental procedure
Our Y-tube olfactometer ( Fig. 1 ) consisted of twelve glass Ytubes arranged in two sets of six vertically stacked tubes, four glass distributor tubes that connected the odour chambers with the Y-tube, two glass odour chambers containing water that guaranteed a uniform humidity, and a ventilator. Visual biases were excluded by the arrangement of the distributor tubes (see Fig. 1 ). The ventilator generated an airflow through activated charcoal of 0.44 ± 0.01 m/s (measured with an anemometer ThermoAir2, Schiltknecht, Switzerland). Light came from oppo site the entrance and helped to induce the beetles to walk up wind towards the odour source. Glassware was washed in detergent solution, rinsed with distilled water and heated for 1 h at 100°C after every five tests. Additionally, the Y-tubes were cleaned with ethanol after each test.
We used 8 g of leaves, flowers or fruits when the beetles were offered a choice between clean humidified air and an odour stimulus. Blooms and fruits were left intact while leaves were chopped to release a larger amount of volatiles. Honeydew was presented on 8 g of intact broad bean leaves and we tested 2 g aphids or 10 adult C. septempunctata. When using methanol and ether extracts, cotton balls soaked with a 2 ml extract served as the odour source, and 2 ml of the solvent served as the control. They were dried until the solvent visually seemed to have evaporated. If a beetle did not reach the centre of the Y-tube within 10 min, it was counted as "no-choice". In the centre of the Y-tube a beetle was allowed 5 min to choose one of the ol factometer arms (number of replicates at least 15 male and 15 female beetles, the results were statistically analysed using chisquare tests). Fig. 1 . Diagram of the glass olfactometer apparatus. A -tri pod to which the tubes were attached by means of clamps and sleeves; B -Y-tube made from 23 mm internal diameter glass tubing with a 270 mm long basal stem and two arms 220 mm long, which diverge from each other at an angle of 60°; Cglass distributor tubes; D -odour chamber with 350 ml distilled water and an aluminium stand for the odour source; E -ventila tor, which blew air through activated charcoal.
Olfactory choice arena
A simple acrylic glass box ("olfactory choice arena") (18 cm long x 13 cm wide x 6 cm high, with rectangular corners) was used to screen the attractiveness of chemical stimuli for C. septempunctata. This box was covered by an acrylic lid. In two op posite corners the test and control substances were deposited. In a first set of experiments, the predator's response to volatile chemicals emanating from host plants, honeydew, aphids or mates was studied. For plant odour stimuli 0.8 g chopped leaves or 0.8 g intact blooms or fruits were used. Honeydew was pre sented on 0.8 g of intact broad bean leaves. In the case of the other non-plant stimuli, 0.8 g aphids or four adult female C. septempunctata were used. Odour sources were wrapped in cotton gauze (14 x 14 meshes / cm2). As a control the same amount of test material was wrapped in transparent plastic film ("Saran") to avoid odours being emitted, before also being wrapped in cot ton mesh in the same manner as the odour source. In a prelimi nary experiment, the effect of the plastic film was tested, by placing it in one of two otherwise empty gauze bags. Using the same bioassay, the response of adult predators to methanol and ether extracts of plant material was observed. Round filter pa pers (diameter 2 cm) soaked in 1 ml plant extract served as an odour source, while filter papers soaked in 1 ml pure solvent served as the control. They were dried until the solvent visually seemed to have evaporated and then were placed in two oppo site corners of the arena, which was then placed on a black background. Six and seven replicates were performed with fresh odour stimuli and plant extracts, respectively. After each repli cate, the arena was rinsed with ethanol and rotated by 180° to compensate for directional or chamber biases. Five adult C. septempunctata males or females per replicate were released from a petri dish lid (diameter 5.5 cm), placed in the middle of the arena and then the arena was covered with the lid. Times taken for the first beetle to contact the odour source and the control were recorded and were compared using the Wilcoxon signed ranks test (a = 0.05).
RESULTS
Olfactometer
Male and female C. septempunctata did not show a preference for one arm of the olfactometer when clean humid air was passed through both arms (%2 = 0.13, df = 1, n = 30, P > 0.7 for males and females). Neither male nor female C. septempunctata showed a preferrence for the odours from 22 plant species: (J. communis (l), B. vul garis, (l, ml, el) 
, C. cyanus (l, b) (l = leaves, b = blossoms, f = fruits, m = methanol extract, e = ether extracts). They also did not respond to either honeydew or aphid odour.
Olfactory choice arena
Male and female C. septempunctata did not differenti ate between the packing for the odour source and the packing for the control in the preliminary experiment (Wilcoxon signed ranks test, n = 12, P > 0.9 for males; P > 0.6 for females). Volatiles from B. vulgaris and T. ino doratum were attractive to the ladybirds, while those from the other 20 plant species mentioned above were not (Ta ble 1). B. vulgaris leaves elicited orientation in female la dybirds which found this odour source significantly quicker than the control (P = 0.046). The methanol ex tract of B. vulgaris leaves was strongly attractive for fe males (P = 0.018). Male beetles did not respond to leaves, but were slightly attracted by the methanol extract of the leaves; the effect was nearly significant (P = 0.063). Ether extracts were not attractive to either male or female C. septempunctata. Odours from T. inodoratum flowerheads were attractive to male C. septempunctata (P = 0.0028), but not to females. However, methanol soluble fractions of T. inodoratum flowerheads repelled both, males and females (P = 0.018 for males; P = 0.023 for females). On the other hand, ether soluble fractions of T. inodoratum flowerheads were neither attractive or repellent for males and females. T. inodoratum leaves repelled C. septem punctata males, and the effect was nearly significant. C. arvense leaves repelled females (P = 0.046), but neither attracted or repelled the males. Odours from C. septem punctata females attracted C. septempunctata males. Males found females significantly quicker than the con trol (P = 0.046). No other odour source elicited orienta tion in C. septempunctata.
DISCUSSION
Response to plants
Only the volatiles of a few plants were attractive to C. septempunctata, while most of the 22 plants were neutral in terms of olfactory attraction and some even repelled the ladybird. Attractive volatiles are produced by B. vul garis leaves. Coccinellids were also attracted to methanol extracts of B. vulgaris leaves. Since ether extracts were not attractive, it seems likely that the attractant is a polar substance or a mixture of polar substances. Females re sponded more strongly to methanol extracts than males, whose response was not significant. A volatile from T. inodoratum flowerheads was attractive for adult males of C. septempunctata. However, it was not possible to ex tract the volatile; methanol extracts of T. inodoratum flowerheads repelled and ether extracts were neutral in their attractiveness to the ladybird. In addition, the attrac tive volatile does not seem to be present in T. inodoratum leaves as the odour from them repelled the ladybird. This is the first report of C. septempunctata being olfactorily attracted by plant compounds.
It is known that plant substances can induce oviposition in coccinellids (Boldyrev et al., 1969; Shands et al., 1970) . For example, B. vulgaris stimulates oviposition in coccinellids (Shah, 1983) . The leaves of B. vulgaris are a preferred oviposition substrate for C. septempunctata and A. bipunctata and water extracts of the leaves induced oviposition in both species of coccinellids. Shah (1983) suggested that a substance specific to B. vulgaris may act as a chemical stimulus. It is possible that the plant stimu- Table 1 . Times taken for the first C. septempunctata (male or female) to make contact with an odour source and the control, mean ± s.d., n = 6 and 7 for fresh odour source and plant extracts, respectively. The significance of the differences was tested by the non-parametric Wilcoxon signed ranks test and asterisked P-values are significant (P < 0.05).
Time (sec) for males
Time (sec) for females " Odour stimulus1 In his field study Schmid (1992) searched weed species visually for coccinellids. He found most coccinellids on plants infested with aphids, but on several plants cocci nellids ate pollen although aphids were present. The author concluded that pollen is an important alternative food since 40% of all coccinellids were found on plants without aphids. On some of these plants the author re corded coccinellids feeding on pollen while on others the reason for the beetles' presence was not obvious. He con cluded that secondary plant compounds may attract lady birds to such plants. Among the weeds, which Schmid (1992) recorded as frequently visited by C. septempunctata, was T. inodoratum; the only plant that we could con firm as attracting ladybirds by means of its odour. T. ino doratum was one of the plants on which Schmid (1992) found C. septempunctata reproducing and feeding on pol len even though aphids were present.
Why should a plant be attractive to coccinellids? "Con stitutive products" are protective (volatile or non-volatile) chemicals that plants produce in the absence of attack by phytophages (Rhoades, 1985) . These chemicals may have the potential to attract or "recruit" and "sustain" natural enemies before plants are invaded by herbivores (Dicke & Sabelis, 1988a, b) . A predator's response to such an attractant is only evolutionary stable if the predator gains an advantage from visiting the plant. Such an interaction would be an example of a mutualism between plants and their herbivores' enemies, an interaction whose existance is predicted by Price et al. (1980) . Flowers provide a res ervoir of resources such as nutrients, mating sites, alter nate hosts and shelter, which improves the establishment and performance of many anthophilous predators (Altieri & Whitcomb, 1979; Altieri & Letourneau, 1982; Andow 1983; van Emden, 1989; Jervis & Kidd, 1996) .
The ecological significance of the attractiveness re sponse of B. vulgaris and T. inodoratum to C. septem punctata is unclear. It is possible that the presence of pol len is the reason why C. septempunctata, once attracted, stays on these plants even in the absence of aphids. Pollen from different plants have different chemical composi tions and therefore are not equal in terms of food quality for coccinellids (Smith, 1960 (Smith, , 1961 . Thus, a preference for certain plants is likely to develop. The attractive chemicals may also mimic chemicals that are important in ladybird ecology. It is possible that ladybirds mistake the attractants in B. vulgaris and T. inodoratum for the odour of certain aphids, pollen or nectar, or for the ladybird's sex pheromone or aggregation pheromone. However, there are no other reports of C. septempunctata, being at tracted by plant substances.
Response to prey cues
According to Hodek & Honek (1996) , the question of whether coccinellids can find their prey by visual and ol factory cues, has not yet been resolved. C. septempunc tata septempunctata and C. septempunctata brucki orientate towards aphid prey from a distance of about 7 mm under light and are unable to locate prey in the dark (Nakamuta, 1984; Nakamuta & Saito, 1985) . These re sults suggest that adult coccinellids, when close to prey, may perceive them by visual means. On the other hand, Sengonca & Liu (1994) found evidence for olfactory ori entation in C. septempunctata towards Myzus persicae (Sulzer) and Aphis fabae (Scopoli). They demonstrated that, in an 8-arm olfactometer similar to the olfactory choice arena used here, adult C. septempunctata preferred aphid odours to those from non-prey insect. We were un able to confirm this in our study. Coccinellids neither ori ented towards odour of A. pisum or towards honeydew presented on broad bean leaves (see Carter & Dixon, 1984) . However, coccinellids showed different prefer ences for different aphid species (Sengonca & Liu, 1994) and A. pisum was among the less preferred of the aphids tested.
Response to beetles
C. septempunctata males were attracted by the odour of conspecific females. This is contrary to what was earlier (see Sengonca & Liu, 1994 below) assumed about this la dybird's sexual behaviour. Majerus (1994) stated that C. septempunctata, unlike many other insect species, do not show any long-distance attraction between the sexes, and that one sex does not attract the other by means of air borne pheromones or sound. According to him, mating partners seem to find each other more or less by chance. In A. bipunctata males appear to mainly search for fe males (Hemptinne et al., 1998) . We have not examined whether females are attracted by males, therefore it can not be determined if the attractant stimulus is a sex spe cific cue. Such a cue may be useful in group formation by coccinellids at overwintering sites and its existence is hy pothesised by Majerus (1994) . That is, ladybirds may pro duce both mating and aggregative pheromones. Sengonca & Liu (1994) also found that C. septempunctata adults were attracted by the odour of conspecifics, but they did not differentiate between males and females. Our own findings support those of Sengonca & Liu, in that the odour of C. septempunctata adults can be detected by conspecifics. Further investigations are needed to assess whether the attractant stimulus is species or sex specific.
In conclusion, we have shown that C. septempunctata may orientate to plant odours. Studies have shown that plant compounds affect this beetle's oviposition behav iour (Boldyrev et al., 1969; Shah, 1983) . However, this is the first demonstration that C. septempunctata can orient to plant volatiles. The fact that these aphidophagous bee tles show olfactory orientation towards constitutive plant compounds gives a new insight into the foraging behav iour of these predators. The demonstration that plant products may act as modulators between the first and third trophic levels has implications for biological control programmes, e.g. the enhancing of the local abundance of coccinellids by using plant compounds as attractants.
